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Abstract
Objectives: To understand the relation between 2D:4D ratio, frailty, and cognitive
decline in community-dwelling elderly people.
Methods: A total of 175 community-dwelling elderly people were included. To
determine frailty, participants completed the Tilburg Frailty Indicator (TFI) and the
Survey of Health, Ageing and Retirement in Europe (SHARE-FI). Cognitive func-
tioning was determined using the Mini-Mental State Examination (MMSE). 2D and
4D finger lengths of each hand were measured using a scanner. Barthel Index,
Lawton, and Brody scale were also completed for each participant to determine the
level of daily living functioning.
Results: We did not find any correlations between 2D:4D ratio and frailty measures.
We found a significant correlation between 2D:4D ratio and MMSE scores in the
women sampled.
Conclusions: We cannot ascertain any contribution of prenatal exposure to andro-
gens to the frailty status of community-dwelling elderly people. We found that
reduced prenatal exposure to testosterone in women may contribute to the prevention
of cognitive decline in elderly women.
1 | INTRODUCTION
It is recognized that frailty increases with age (Ahmed,
Mandel, & Fain, 2007), while cognitive function declines
(Guerrero-Berroa et al., 2009). Frail elderly become vulnerable
due to health problems, isolation, poor quality of life and
dependence, which easily lead to the need for preventive geri-
atric interventions, long-term care, hospitalization, and death
(Fried et al., 2001; Lahousse, Maes, Ziere, & Loth, 2014).
Cognitive deterioration contributes to long-term functional
impairments and reduced quality of life (Lawson et al., 1969).
There are several factors that contribute to frailty and cognitive
decline in older people. The concept of frailty must be a multi-
dimensional concept that includes physical, psychological, and
social variables (Andreasen, Sørensen, Gobbens, Lund, &
Aadahl, 2014; Gobbens & Assen, 2014; Gobbens, Luijkx,
Wijnen-Sponselee, & Schols, 2010a, Gobbens et al., 2010b).
In older adults, low testosterone levels are associated
with loss of muscle mass and strength, due to decreased
protein synthesis (Feldman et al., 2002; Halil et al., 2013;
Sakuma, & Yamaguchi, 2012). There is also evidence that
cognitive function could be influenced by testosterone levels
(Barrett-Connor, Goodman-Gruen, & Patay, 1999; Moffat
et al., 2002). Low testosterone levels in older men appear to
be associated with cognitive decline and risk of dementia
(Wahjoepramono et al., 2016). However, there is conflicting
evidence showing that cognitive function does not suffer any
interference from testosterone intake (Huang et al., 2016).
The 2D:4D ratio is usually used as an indicator of prena-
tal testosterone exposure (Fink, Manning, & Neave, 2006;
Fink, Thanzami, Seydel, & Manning, 2006) and is a fairly
stable one (Anders, 2007; McIntyre, Cohn, & Ellison, 2006).
Low 2D:4D ratio reflects high testosterone exposure (Fink,
Manning, & Neave, 2006; Fink, Thanzami, Seydel, &
Manning, 2006). While there are some studies about the role
of testosterone on frailty (Srinivas-Shankar & Wu, 2009) and
cognitive decline (Moffat, 2005) in older adults, only a few
analyzed the impact of prenatal testosterone exposure (Halil
et al., 2013). The aim of this study was to understand the
relation between 2D:4D ratio, frailty, and cognitive decline
in community-dwelling elderly people.
2 | METHOD
2.1 | Sample/participants
The sample was composed by 175 community-dwelling
elderly people (aged more than 65 years). These were
recruited from direct contact by the research team and from
advertisements. We excluded participants with severe cogni-
tive deterioration determined by the Mini Mental State Eval-
uation (score less than 10) and with severe medical
conditions.
2.2 | Instruments
Several instruments were used in this study:
Tilburg Frailty Indicator (TFI) is a brief self-report sur-
vey for measuring frailty in older people (Coelho, Santos,
Paul, Gobbens, & Fernandes, 2014; Gobbens et al., 2010a,b).
The TFI is divided into two main sections: the first is com-
posed of 10 questions (6 demographic and 4 focused on the
determinants of frailty); the second comprises 25 questions
divided into 3 components—8 items for the physical compo-
nent, 4 items for the psychological component and 3 items
for the social component. All items are rated dichotomously
(0–1), with higher scores representing higher frailty. Scores
for each frailty component and a total frailty score (0-15) are
produced.
Survey of Health, Ageing and Retirement in Europe
(SHARE-FI) (Santos-Eggimann, Cuenoud, Spagnoli, &
Junod, 2009) was based on five frailty items: exhaustion in
the last month (yes/no); loss of appetite (loss/without altera-
tion/increase); difficulty walking 100 m and steps (yes/no);
engagement in activities that require a low or moderate
energy level (less than once a week, once a week, between
one and three times a month, never); and weakness measured
by the grip strength of both hands with a dynamometer. Two
consecutive measurements were taken and the analyses were
conducted on averages of two readings for each hand.
Mini-Mental State Examination (MMSE) is a screening
test for cognitive decline (Folstein, Folstein, & McHugh,
1975). The MMSE is divided into six main parts: orientation
(10 items); retention (2 exercises); attention and calculation
(1 exercise); recent memory (1 exercise); and, language (7
exercises). The MMSE has a score range of 0-30. Potential
participants with an MMSE 10 did not enter the study.
Barthel Index is a scale that attempts to assess the partici-
pants’ functional ability to perform basic activities of daily life
independently—Daily Life Basic Activities (DLBA)—
(Mahoney, & Barthel, 1965) with 10 questions: personal
hygiene, bathing, dressing, eating, mobility (walk), mobility
(stairs), mobility (bed/chair), intestinal elimination, bladder func-
tion, and use of the toilet. This scale has a score range of 0–20.
Lawton and Brody scale seeks to evaluate the partici-
pants’ functional ability to perform instrumental activities of
daily life—Instrumental Activities of Daily Living (IADL)—
(Lawton et al., 1969) with eight questions: preparing meals,
doing housework, washing, handling money, using the tele-
phone, taking medications, shopping, and use of transporta-
tion. This scale has a score range of 0–23, in that 23 is full
independence.
Finally, we scanned each participant’s hands using a high-
resolution scanner. The 2D and 4D fingers for each hand were
measured (in mm) from the middle of the basal crease to the
edge of the fingertip using an Autometric Program that can
easily and accurately measure 2D:4D ratios (Halil et al., 2013).
The procedure was undertaken by two researchers for each
hand and consensus was obtained for each measurement. The
reliability of the two measurements for the right and left hand
was high (ICC right hand: 0.93; ICC left hand: 0.92).
2.3 | Procedures
Each participant was contacted at their own home or day-
care facility. The purpose of the study was explained and
participants signed informed consent according to the Decla-
ration of Helsinki of the World Medical Association. This
study was reviewed and approved by the ethics committee of
the Escola Superior de Saude do Instituto Politecnico do
Porto. Statistical analyses were conducted using software
SPSS Statistics (v.23.0, SPSS Inc., IL) and was based on
Pearson correlations between the 2D:4D ratio and frailty and
cognitive scores. Multiple linear regression was also used to
control for the influence of age on the relationship between
2D:4D ratios and the independent variable.
3 | RESULTS
A total of 175 older adults entered into this study. Descrip-
tive statistics of the total sample and for men and women
separately are presented in Table 1.
There was no significant correlation between 2D:4D
ratios and values of TFI or SHARE-FI in the total sample or
separately in the men and women sampled. However, there
was a trend toward significance regarding the physical
dimension of the TFI (r 5 .147; P 5 .052).
Surprisingly, for the total sample, there were significant
correlations between MMSE, right hand 2D:4D (r 5 .164,
P 5 .030) and left hand 2D:4D (r 5 .185, P 5 .014). How-
ever, this outcome seems to have occurred due to the signifi-
cance of the womens results; the mens results alone showed
no significant correlation. Specifically, in women, the corre-
lation between MMSE and 2D:4D in the right hand is signif-
icant (r 5 .227; P 5 .012) and the same happens in the left
hand (r 5 .263; P 5 .004) (Table 2).
We also controlled for the effect of age on the MMSE
score by regressing age and the 2D:4D variables on the inde-
pendent variable (MMSE score). For the total sample and the
right hand 2D:4D, the model was significant and explained
14.0% of the variance. Age was a significant predictor
(b 5 –.339; P 5 .000) and the right hand 2D:4D achieved a
trend toward significance (b 5 .124; P 5 .083). For the left
hand, age was a significant predictor (b 5 –.341; P 5 .000)
and 2D:4D was significant (b 5 .156; P 5 .028) in a model
that explained 14.9% of the variance. For the female sample
and for the right hand, the total model explained 18.4% of
the variance. Age was a significant predictor (b 5 –.370;
P 5 .000) and the 2D:4D ratio showed a trend toward signif-
icance (b 5 .158; P 5 .064). For the left hand, the total
model explained 19.8% of the variance. Age was a signifi-
cant predictor (b 5 –.365; P 5 .000) as well as the 2D:4D
ratio (b 5 –.199; P 5 .019).
4 | DISCUSSION
In this study, we found that 2D:4D ratios were in general
higher in women than in men. These results were consistent
with previous studies that found a higher 2D:4D ratio in
women than in men (Adam et al., 2013; Malas, Dogan, Hilal
Evcil, & Desdicioglu, 2006).
Contrary to what was expected, we found that the ratio
2D:4D was not significantly correlated with frailty or any of
its components. However, there was a trend toward signifi-
cance regarding the physical components of frailty, which is
in accordance with the fact that testosterone is an anabolic
hormone that influences protein synthesis and is thought to
provide protection from the development of sarcopenia.
Accordingly, there is evidence associating the 2D:4D ratio
with strength tests ((Fink, Manning, & Neave, 2006; Fink,
Thanzami, Seydel, & Manning, 2006; Halil et al., 2013),
which was not replicated in a female sample (Anders, 2007).
One interesting result from our study is that MMSE val-
ues showed significant correlations with the 2D:4D ratio in
the female sample, suggesting that lower prenatal exposure
to testosterone is associated with lower cognitive decline.
With regard to the male sample, there were no significant
correlations. There are no definite explanations for these
findings. It is generally recognized that lower total and free
testosterone levels are associated with poorer cognitive func-
tion in middle-aged and older men (Yeap, 2009). However,
cross-sectional data shows that MMSE has weak correlations
with free testosterone and no correlations with total testoster-
one in older men (Yeap et al., 2008). In women, current evi-
dence is far from establishing an association between
prenatal exposure to androgens and cognitive function
(Austin, Manning, Mcinroy, & Mathews, 2002; Coolican &
Peters, 2003; Poulin, O’ Connell, & Freeman, 2004). Associ-
ations with current levels of testosterone among women is
also conflicting, with studies showing positive, negative and
absence of correlations.
TABLE 1 Descriptive statistics of the sample
Total sample (n 5 175) Men (n 5 54) Women (n 5 121)
Mean SD Mean SD Mean SD
Age 75.730 7.699 75.440 7.327 75.850 7.886
School education (0-12) 3.660 2.291 4.350 2.300 3.350 2.228
Weight (kg) 72.228 12.502 76.240 10.599 70.438 12.906
Height (cm) 162.765 6.976 167.703 6.694 160.562 5.908
DLBA 18.525 3.130 18.851 3.194 18.380 3.104
IADL 16.325 7.015 15.833 5.859 16.545 7.486
Mean 2D:4D 0.961 0.033 0.957 0.032 0.962 0.033
Right hand 2D:4D 0.952 0.038 0.945 0.031 0.955 0.041
Left hand 2D:4D 0.967 0.036 0.964 0.038 0.968 0.036
Dr-l 20.014 0.037 20.019 0.034 20.012 0.038
DLBA: Daily Life Basic Activities (Barthel Index); IADL: Instrumental Activities of Daily Living (Lawton and Brody Scale).
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While 2D:4D is a fixed and predetermined variable, there
are a myriad of other processes that occur during the lifespan
that may have an impact on cognition (Baumgart et al.,
2015). First, we should note that there is no linear association
between prenatal exposure to androgens and actuals levels of
testosterone in adults (Manning, Scutt, Wilson, & Lewis-
Jones, 1998; Neave, Laing, Fink, & Manning, 2003). Fur-
thermore, there are differences in the pattern of testosterone
decline over the years (Ellison et al., 2002). It is possible that
women with increased precocious androgens exposure may
suffer from a steeper decline in testosterone in later years,
resulting in increased cognitive deterioration. However, only
longitudinal data may confirm this hypothesis.
Also, it has been hypothesized that early exposure to tes-
tosterone has a role in personality and in the decisions that
people make about their lifestyle. For example, there is evi-
dence showing that openness to experience is significantly
associated with more female-typical 2D:4D (Burton,
Guterman, & Baum, 2013) and even experience seeking (a
dimension of sensation seeking), which initially was hypothe-
sized to be associated with smaller 2D:4D ratios based on
theory, appears to be associated with more female-like 2D:4D
ratios (Voracek, Tran, & Dressler, 2010). Based on our find-
ings, we hypothesize that exposure to lower levels of testos-
terone in utero may predispose people to engage in more
cognitively oriented activities during their daily life (e.g.,
reading, writing, engaging in conversations, studying, going
to libraries and museums), which can protect them from cog-
nitive deterioration in the long term. Of course, drawing any
conclusions based on the association between the 2D:4D fin-
ger length ratio and personality traits should be made with
extreme caution, given that current data is largely inconsistent
(Lippa, 2006).
There are some limitations to this study, including the
wide age range, without enough stratification across age
groups and without a homogenous proportion of frail older
adults across age groups. Also, finger length was measured
indirectly using a scanner. This method of 2D:4D measure-
ment tends to result in lower values than when 2D:4D is
measured directly from the fingers. This effect is most exag-
gerated in males compared to females (see Ribeiro, Neave,
Morais, & Manning, 2016, for a review).
5 | CONCLUSION
The aim of the study was to understand the relationship
between 2D:4D ratio, frailty and cognitive decline in the
elderly population. The results suggested that there is no
relationship between 2D:4D (indicator of testosterone) and
multidimensional frailty in elderly people. Moreover, the
present study contributes to the existing literature by show-
ing the association between 2D:4D ratio and MMSE values
in elderly women, suggesting a role of fetal sex steroids in
cognition over the lifespan.
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